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Abstract of JP1 12751 65 
PROBLEM TO BE SOLVED: To expand a 
transmitting method by transmitting information 
with a different average bit error rate 
characteristic by means of modulation through 
the use of an orthogonal wavelet at the time of 
nonuniform error protection in transmitting 
information. SOLUTION: When an average bit 
error rate(BER) is calculated under AWGN 
environment, an Haar function is used for a 
mother wavelet and frame length NW at the 
time of synthesizing and dissolving the wavelet 
is made to be 1 6 so as to execute 
transmission with the frame as a unit. When 
the respective BER characteristics by sub- 
band level are obtained, BERs differ by 3 dB 
and about 5 dB gain is obtained in a level 4 as 
compared with a non-encoding 16 QAM 
theoretical value. The number of transmission 
symbols in the sub-band level 4 is one-eighth 
of a whole and a half of the whole becomes 
transmission in the sub-band level 1 so that 
the average bit error rate including the whole is 
deteriorated by about 4 dB as compared with 
the theoretical value. But a hierarchical BER 
characteristic is obtained. 



3:0 



AWGN 



-4 



Data supplied from the esp@cenet database - Worldwide 



http://v3.espacenet.com/textdoc?DB=EPODOC&IDX=JP11275165&F=0 



3/6/2007 



(19)0#H<&fF/f (JP) 



«2> ^ f% & H= ^ Wi (A) 



^¥11-275165 

(43)^IS0 ¥«11^(1999)10H 8 B 



(51)IntCL e 




F I 


- - H 0 4 L 27/36 




H04L 27/00 F 


H03M 7/30 




H0 3M 7/30 A 


H0 4L 1/00 




H04L 1/00 B 






mgffi* m mmkomi fd (^ 13 30 




#K¥10-92651 


(71)fcfj|gA 391027413 










¥J5£10^(1998) 3/5200 


j£tCtMvfc#iira#:lt;»r 4 T S 2 # 1 ^ 
























1*3 



(54) [«^^»] ass^x— :/w h*m^Jtmmfemjjm 



(57) 




(2) 



ftmW-l 1 — 2 7 5 1 6 5 



^ h m «9 ^ (EATBERfclEI") 

^Ujx h3U^l<7^#^&T*fc5r blc£ 5, 

[0001] ., 

mtkisxmmxzz* 
[0002] 

tt*. »«ktioTUEP«:Jat5 

ttKiki+Kikr*-. . +Kdu£ ^WF#CiO*/J^N 

g§li£: 1 CJ:oTM5t^:t6rHa^ UEP 

SrH^i-5ri:*5-e#5o t^tr^sm -law 

[0 0 0 3] £fc, 01 
%:¥\Ci3\,^Xdi>dt(Dk%. ai¥y bCDmVmtfait'y 

[0 0 0 4] Ww> ^^b^l-J:5^com^ ±15 



[0 0 0 5] 
[0 0 0 6] 

[0 0 0 7] h£/8l/>tfigi 

[0 0 0 8] £fc s ei£LfcVM«ftl;:PBJl#J 
[0 0 0 9] »d> BLb. *SO»«ii*:iifB 

[0 0 10] 

—7 u 1 ^ 1 ©pFiKH-efcS^ <^ «r*ijffl L 
L>Xj£{B~$~ ; &o 

[0 0 1 1] mj_mB^m^i 6qam^v\ i6-> 

^wM$:^x-yu.> bX$Lblt>Xte&-tZ>m<£ 
hi^olK^D 16 QAMitM 1 6 mfctfL't 

[0 0 12] lUT^^^cO^^^ixTl^ 



(3) 



1 — 2 7 5 1 6 5 



^) W^Ktt- 13&^— nCU^tt? [00 14] 

[0 0 13] h'frM\^"Xmms J f=r(D^X'& 

[0015] [»2] 



[ooi6] ^rx% fo(x)f±^^s«t, giWfi-^^o 



[0 0 18] 



[0 0 19] fcfcTU ktt««-efcO, */tc u V d (i) 



[0 0 17] 
fc 

[*4] 

[0 0 2 0] tt*5^ ^^r— y^^B8», ^U 8 — 

[0 0 2 1] 
[»5] 

*(*)»H»«2»-*) 



[00 2 2] [#6] 



[0 0 2 3] fcftfU M (kfc«E» l±h*- k )lc^-LTfE60§l^^o e 

^^-/«irWti5Wfc5o £fc, [0 0 2 4] 

:7 

f 73b = P-fc 
1 77fc = 5-Jfc 



[0 0 2 5] aimft^<OJ^SSr^TlC^i-. :/ 
fI^J«r»5B#(7>B#rattti:«:ESiJL"C^^.5. Clixtt 



(4) 



1 1 — 2 7 5 1 6 5 



gats. 



0 0 2 6], 



[ft8] 



{0<x<NJ) 



[0 0 2 7] ftt, CO{d w \h c™oK«*»eD 

:9 



[002 8] ^fiKftfo(x)tt««;3 J: 9 £ i>$ft 

[0 0 2 9] 
[f&9] 



[0 0 3 0] ^8cO^(7)igm^Mfc^^^e>b^ 



[0 0 3 1] 
[f 10] 



[003 2] fcf:U I f*«E»re*>5o 

[0 0.3 3 ] M^4*m=16(Dt fT Ufc 

&£7*U c ( - 3 \, d ( A^^c ( '" k ^^«9i§UTc (0) 
[003 4] fU, COc^-^^y K<Di^f 



[0 0 3 5] ^fa-^foco^^/v^r-f^ifc^: 9 «fc *> TIE 

[0 0 3 6] 

[in]' 



ii/owii 2 = r 



E 4°w-*) 



Jt=0 



Jk=n ''-co 



fc=0 

£ i4 0) i 2 

Jk=0 



[0 0 3 7] fcfcU Z<D§t&\cn*tr—V ^?M%W 



[00 3 8] 
[*1 2] 



(5) 



4#fH^l 1 — 2 7 5 1 6 5 



[0 0 3 9] 



[0 0 4 0] 



»13] 
[S&l 4] 



[0041] <u|v>ttB»ortare*>9s Taeoaa-e 



[0 0 4 3] HWc* 
[0 0 4 4] 



33sS;i6 



[0 0 4 5] ^Ufct^ilSStfeW:, 
[0 0 4 6] 



[0 0 4 7] 



is 



[0 0 4 2] 

m 1 5 ] 

»16] 
[mi 7] 

,TT\ 

[f 18] 



[0 0 4 8] (j\ k. 1, nfllR) tebWC b V • 

SfcS;i9 



[0 0 4 9] 
Mfcl 9] 



-1 (f^/2-')-l 



ii/o wii 2 = Z £ + 2 n i4" n) i 2 

J=-n Jt=0 J 



[0 0 5 0] f tt, #3£l 1, 9*^Te«« [0 0 5 1] 

*£fc<5. 1*2 0] 

El4 0) i s =E E [2-'i4^]+2"i4- n) i : 

*=0 j=-n Jk=o 



[oo5 2] ^nxv. &m%k&\<omji tv"-*m 



(6) 



f&mw-i 1—2 7 5 1 



oV>T%x5o [0 0 5 5] 

[005 4] ^iff^^c' l0 \t-tZ>k. Z<OZ&l& [»21] 

wr^*-^ujx h ^mt^mm z titer-* 

121. 



/(i-i) 1 «e-» i(y> 



2 . 



[00 5 6] [t2 2] 

g5£22 



•9. i^^^K^fc3 dBToM^6^iJ#^^H. Pi 

[oo6i] hzv7'<^h'\s^Mz&mm&& 

[0 0 6 1] 

tCif^gaM^^U^^^bl 6QAMtt5 e flF#tf> 

[0 0 6 2] 
[»2 3] 

S 2 = 5 2 
2 



[0 0 5 7] I&5S2 1. ^5*C2 2 $:fflVNTU-</W0^^> 
[0 0 5 8] rcoi: 9 Id, K/^cOi£<l$^ 

[0 0 5 9] *3S^i-*Jtt5PiJifiWI3S^ov^ 
IIWi-5. c ( -V d (J) k tcfiJi9^T5m^cr>{I^iE. 
»i, ii#oa5»JfclRl«Jc 1 \fy h\zM*)^XZ>^*fr 
*c-ttemim (bit/symbol) (D®m\Z£<>X&:7££tl 

[0 0 6 0] o J; *)-f^X<oV7'^Y\cmtm 

£fc£23 



[oo63] fe^^^^T^a-^^^^b 1 

6 QAM (^T»^bl 6QAM^I2^) Gn&B*0>« 
24 




[0 0 6 5] »5t2 3, ifc5t2 4 J: 9 > 



[0 0 6 4] 
1&24) 



-1 (W«/2-^)-l 

— ^ V y h'Vm<D2m A 2. tehWzBM^tl 6QA 



(7) 



$rffi¥-l 1 — 2 7 5 1 6 5 



[0 0 6 6] [^1] . 



s 


1 1: Kl^JMDfU^ 




16QAM 










A 2 

mn 

(dB) 


2/5 
0 


4/25 
-3.98 


8/25 
-0.97 


16/25 
2.04 


32/25 . 
5.05 



[0 0 6 7] Z(DX o \z.-t^X(D*)-?/<is KCif^C*:^ 
[0 0 6 8] 4fc H -fflv^5iB»*3:— ^v^y htt-b-*— 



h * • /HR*UttH a a r Hft*Xfrd\ TSW) 

ft5ST^£*X5o 
[0 0 6 9] 
[»25] 

Po = Pi = Go « — 9i = 1 



[0 0 7 0] DaubechiesN=2<7)#<£\ T15^ft^-e^$ 
©C5S26 



[0 0 7 2] 5WW«^Jtt*^;7«tt), Ha a r| 

:27 



[0 0 7 1] 
[ft 2 6] 




7-1 = To = = t?o = 1 



[0.0 7 4] DaubechiesN=2(D#^ N TECDft^C*$ 

Mo 

3fo£28 



[0 0 7 5] 
[ft28] 



7-3 = ^ = 1^ 



[0 0 7 6] *r*i42Ut0p* q^ fU jlit^to-Cfc 

[0077] MA^i ?ftWnSM^o^7-^€r% 

AWGNStT-C(OB E R«S:IH It, ^if- 
^i-yw*yM:|j:Haarlt»\ ^x-^Uy 

[0 0 7 8] 1 5 lC^rix^(D^^< V KW-WSU. R 



£>TfftffiLfc 0 EllC^JxTV^ X 3 d BfoB 

ER^MD> * i © i 9 li: U"<vu-4 t?iii^f^b l 

6 Q AMSfrafif ^tt-^T^o ct -t 5 d BO*IJ»3ftS#t>n 
[0 0 7 9] ptc^il^l^-co^ww^— ^{gVN-th 



(8) 



$fffl¥>l 1 — 2 7 5 1 6 5 



£l-^LTV^ 0 *~ " ' ■ *" 

[00 8 0] m2 (DWfcM 

i^^irate 3 / 4 (Dft^it 1 6 Q AM <!r (^1 CKfr 5 0 

i tffmmt 1 6 QAMt |p] UttHSu U-</P— 2 
3 d B «tl^#l4^#ibix5 - t 
[0 0 8 1] 
»2] 





16QAM 








2/5 


2/5 


4/5 










(dB) 


0 


0 


3.01 



[00 8 2] H_6 t^B E R W±<0§f»fe*£^ 0 HI 
* , l^/U-1 <om£km&fHk 1 6QAM^IM^ 
MoT^ol (5l£^2<DM9^1#teriM#^nTV^ 0 

fcB ER#tt3flS^btu5^tC^»AS*>S 0 
[0 0 8 3] #0yi£^Ufc<fc fe5f^yK^ 

U-</i^c3 d BOBERttt^4i:5rW^, 
[0 0 8 4] ^3(OHJ£^JJc*>v^-Ctt, eaS-»*yU3R 

[008 5] C©fii7l/- -M*. r>oi— 

A>fbT*fc5. Ill o 

[0 0 8 6] Nwtel6, ^>^/^i^iI^Jil6Ksynibol/se 
V fill;*: Ky^7 — 3£likf o=80Hz (fiT.=l/200 % T.tt 



ffl 1 6 . Ei£ 1 5 CD v-^xtf/W V* y N FFTSrffl 

^tc&mmzmm ufc 0 7i-^y^«^fflv^^v 

[0 0 8 7] glSM-SfJttS**^*'. AWG N^TF<t 
f*IC<. ^tT'^y Kl/^tCfcjoif 3 dBfo<D 

t t>^^T^«t^2. 2dB^WS4C5fc«), ±# 
cOBER«fi«^tl 6QAMCO^fa;^^it-<T 

[0 0 8 8] ^ii^Hjetipicjis^^vKv^^ 
— 1, — 2 <7W ;H5i£r — ^ £-^J *9 ^T7x-yy^T 

dBCO^L U^l— 2^Sfi{fimft^BER#i4^ 
-f\ l/-</l-2C01^y^/Ht tei£B#^UC9 4 v-V/tf 

[0 0 8 9] rcoi o^y^—^^^m^T^^^x^ 

[0 0 9 0] J[^± s *58WSrl2l®JCB5«*iXfclSte^» 
[0 0 6 2] 

[3BWo3»*] J^±wi-atc. *&w\c±tL& 
m 2 ] (Dmrnfe^rfL *^-rmjsmx&>*> 0 



(9) 



&ffl¥-l 1 — 2 7 5 



rH4 3 ffi^^f 1 <7)»jlcfclt5^f 

ims] ^OAWGNitT^BERftt^ 



m 9 3 ^^co|g^^7^-^V>/^TT^BE 



I1U] 



[ B3 ] 








j am 

j 

i 


Oil* 


1 

1 a j 


j 


010* 


! O00O ■ | 0OO1 






0 ! 


1 

\ 

1 


l jog 


\ 1000 { LOOX 

: i 

1 1 


mi in* 


H>10 1011 



^ ^ -f iT-^ft 16QAM S*.£Efi 



[ Rg. ] 



Re 



d£* 
di* 



* r 



[ B2 ] 



TT 

4 



1 _ | _ r 

6 10 12 14 



j : msm 



16 



16 



: ft u^:;v-2 

■ ft UA"il»-3 
2 

: ft U<*<)1>^ 



t-j ft U/\'Jl,-4 



[[Ml 2] 
















\oo 






v! 0 



















(10) 



1 — 2 7 5 1 6 5 



J4] 



AWGN 



©ft 



1GQAM 





Oi-7l/7 h 




LPF 









4 



— LPF 



[15] 



10" 



* 10 2 

OK 



10' 



10 ^ ~ z : 



10^ 



10^ 





-: : : c N : : : : hi : : : 

::::?: = = ■ = =V = = vVvW : : : : : 


- -O - - - 


1 . . .\ . * . v.V . Vv . 


. : 1 1 1 \ . . o \ \ . \Y 

- - - - \ * - - - \ - \ -•: : : v\ 




^---:---:.--\--.:-v:--\-V-->'- 


A .1 . . . _ 


, ; \ ; ; \ w \ : 


- - ^ - 



0 2 4 6 8 10 12 14 16 18 20 
Eb/N 0[dB] 

AWGN iB*T-CO BER *M£ 



AWGN 




§15 • 



SHE 



(11) 



fiffllW- 1 1—2 75 1 6 5 



[16] 



10*° 














= 16QAM 




i Q 

^10* 




: i :^ti^V^?^r ] : ?: 
::: n : : rc/: : : : ^ 


- 


















V : " ^ 




10 ^ 


L 


' i 1 L_ 


i L 





' 1 ! » 1 1 X_| .*> I 

0 2 4 6 8 10 12 14 16 
Eb/NoIdB] 



10*° 




1 2 a » 1 J 1 1 I 

0 5 10 15 20 25 30 35 40 45 50 
Eb/NoEdB] 



(12) 



ftfflW-l 1~2 7 5 1 6 5 



[ Hi 0 3 




EWNoIdB] 

[ ill 1 3 



immB) ¥^ci 1^4^ 2 a 

[#^MiE 1 ] 

[*HE*j^«i£,] wwm 



(13) 



WW^l 1 — 2 7 5 1 6 5 



Miac^iaot, smvrhmvm (otber 



(19) Japanese Patent Office (JP) 

(12) Publication of Unexamined Patent Application (A) 

(11) Publication Number of Unexamined Patent Application: 

JP-A-11-275165 

(43) Date of Publication of Application: October 8, 1999 
(51) Int. CI. 6 

H04L 27/36 

H03M 7/30 

H04L 1/00 

Identification Number 
Intra-office Reference number FI 
H04L 27/00 F 
H03M 7/30 A 
H04L 1/00 B 

Request for Examination: Made 
Number of Claims 1 FD 
(13 pages in total) 

(21) Application Number: Application Number Hei-10-92651 

(22) Application Date: march 20, 1998 

(71) Applicant: 391027413 

Director of COMMUNICATION RESEARCH LABORATORY 
2-1, 4-chome, Nuki-Ki tamach, Koganei-shi, Tokyo 

(72) Inventor: OKAMOTO Eiji 

c/o Kashima Space Communication enter Kanto Branch 
Office, COMMUNICATION RESEARCH LABORATORY 



1 



893-1, Hirai, Kashima-shi, Ibaragi 

(54) [Title of the Invention] INFORMATION TRANSMISSION METHOD 
USING ORTHOGONAL WAVELET 
(57) [.Abstract] 

[Problem] A digital modulation method using an orthogonal 
wavelet is provided. 

[Means for Resolution] When UEP is performed for transmission 
information in a digital modulation mode, coding is usually 
used. However, transmission with different BER 

characteristics is implemented by modulation with the use of 
an orthogonal wavelet. 

[Claims ] 
[Claim 1] 

A digital modulation method using an orthogonal wavelet 
characterized by comprising: 

using an orthogonal wavelet to allow information with 
different average bit error rate (hereinafter, denoted as BER) 
characteristics to be transmitted by modulation when unequal 
error protection (hereinafter, denoted as UEP) is performed 
for transmission information in a digital modulation mode. 
[Claim 2] 

A digital modulation method using an orthogonal wavelet 
characterized by comprising: 
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because of discrete wavelets using an orthogonal wavelet 
being a one-to-one reversible transform, assigning a single 
signal point to a component decomposed into subbands to create 
a combined wave f 0/ and transmitting the combined wave f 0 as 
a modulation signal of a base band. 
[Claim 3] 

The digital modulation method using an orthogonal 
wavelet according to claim 2, wherein the method is usable as 
a modulation method when information desired to transmit has 
a hierarchical significance. 
[Claim 4] 

The digital modulation method using an orthogonal 
wavelet according to claim 2, wherein the method is usable as 
an adaptive modulation method in which in ground and satellite 
mobile communication systems, a layer having only an excellent 
BER characteristic is demodulated depending on situations of 
a degraded reception signal. 

[Detailed Description of the Invention] 

[0001] 

[Technical Field to which the Invention Belongs] 

The present invention relates to a digital modulation 
method using an orthogonal wavelet, particularly, which can 
be used as a modulation method when information to be 
transmitted has a hierarchical significance. 

[0002] 
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Heretofore, when UEP is implemented by coding, for 
example, as shown in Fig. 11, there is a method using a 
generalized concatenated code . In a coder for C in the drawing, 
the code, length is nN, and the information symbol number is 
Kiki + K 2 k 2 + ... + K L k L . The minimum Hamming distance for an 
external code Ci is varied by i, whereby UEP can be implemented. 
However, in this method, the redundancy is generally great to. 
degrade the transmission efficiency. 
[0003] 

In addition, in the case according to the signal point 
arrangement, when the signal point arrangement as shown in Fig. 
12 is used for transmission, ai bits of the error rate is lower 

than a 2 bits of the error rate where di > d 2 in an additional 
noise environment, for example, because Euclidian distances 
di and d 2 are varied. Although UEP can be implemented according 
to this method as well, layers for information in this case 
can be set only in two stages. In addition, when it is 
implemented by a more multi-symbol signal point arrangement 
such as 16 QAM, the signal plane structure becomes complicated. 
[0004] 

Furthermore, in the case of a code modulation method, 
there is a method according to an encoding modulation mode as 
a technique to integrate the two techniques above. In this 
method, generally, the difference is provided between 
Euclidian distances in the signal point arrangement, the 
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trellis code, for example, is used for coding, and the coding 
rate is varied depending on the bit significance. This is used 
to obtain the flexibility of setting, and UEP is implemented 
without degrading the transmission efficiency so much. 
[0005] 

[Problems that the Invention is to Solve] 

However, this method has a problem that the encoding and. 
decoding procedures are complicated and the computational 
complexity is also increased. 
[0006] 

[Means for Solving the Problems] 

The invention has been proposed in view of the 
disadvantages. before, and it is to provide a digital modulation 
method using an orthogonal wavelet including: using an 
orthogonal wavelet to allow information with different average 
bit error rate (hereinafter, denoted as BER) characteristics 
to be transmitted by modulation when unequal error protection 
(hereinafter, denoted as UEP) is performed for transmission 
information in a digital modulation mode. 
[0007] 

The invention is to provide a digital modulation method 
using an orthogonal wavelet including: because of discrete 
wavelets using an orthogonal wavelet being a one-to-one 
reversible transform, assigning a single signal point to a 
component decomposed into subbands to create a combined wave 
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fo, and transmitting the combined wave f 0 as a modulation signal 
of a base band. 
[0008] - 

In ■ addition, the invention is to provide a digital 
modulation method using an orthogonal wavelet, wherein the 
method is usable as a modulation ■ method when information 
desired to transmit has a hierarchical significance.. 
[0009] 

Furthermore, the invention is to provide a digital 
modulation method using an orthogonal wavelet , wherein the 
method is usable as an adaptive modulation method in which in 
ground and satellite mobile communication systems, a layer 
having only an excellent BER characteristic is demodulated 
depending on situations of a degraded reception signal. 
[0010] ■ 

[Mode for Carrying Out the Invention] 

Hereinafter, an embodiment of the invention will be 
described with reference to the drawings. Fig. 1 shows the 
principle of this method . The horizontal axis x is a time base . 
With the use of the fact that the discrete* wavelet transform 
using orthogonal wavelets is the one-to-one reversible 
transform, a single signal point is assigned to components 
decomposed into subbands to form a combined wave f 0/ and it 
is transmitted as a modulation signal of a base band. 

[0011] 
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• Fig. 1 shows an example in which 16 QAM is used for a 
signal plane and 16 symbols of information are transmitted 
collectively by the wavelet. In this case, first, information 
bits desired to transmit are split into four bits each, and 
16 sets of 16 QAM signal points are created. " Then, these 
symbols are assigned as coefficients of subband waves g_i to 
g_ 4 , and f_ 4 to form the wavelet combined wave f o for transmission . 
On the reception side, the received wave is applied to the 
wavelet decomposition, and decoding is performed from the 
signal points similarly decomposed into subband components. 
The signal point arrangement is selected depending on the 
relation between the transmission efficiency and the Euclidian 
distances between the signal points. 
[00.12]. 

Moreover, Fig. 4 shows only the real part, but the 
computation is performed in the complex area. Any mother 
wavelets may be used as long as they are orthogonal wavelets. 
It is necessary to frame transmission data . by the 
exponentiation of data number 2, and the subband can be 
decomposed into the levels -1 to -n, where the number is N w 
= 2n (n is a positive integer) . 
[0013] 

When the subband decomposition is expressed by an 
equation of continuous signals, the following equation is 
obtained . 
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[0014] 

[Equation 1] 
[0015] 

[Equation 2] 
[0016] 

Here, fo(x) is a combined wave, gi(x) is a s.ubband wave, 
which take integer values of i = -n to -1, where i = -1 is a 
high frequency component, and -n is a low frequency component. 
In addition, fj (x) (-n + 1 < j < -1, j is an integer) in Equation 
2 is a combined wave having the level j-1 or below. When f 
and g are expressed using a scaling function (|)(x) , and a mother 
wavelet ^(x), the following is obtained. 
[0017] 

[Equation 3] 
[0018] 

[Equation 4] 
[0019] 

Where k is an integer, and c ( j ) k and d ( j ) k are coefficients 
of the subband level j, to which transmission symbols are 
assigned. This method is a multi-carrier modulation mode in 
which the wavelet is a carrier wave. 
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[0020] 

Moreover, the scaling function and the mother wavelet 
satisfy the two scale relation as below. 
[0021] 

[Equation 5] 
[0022] 

[Equation 6] 

[0023]. 

Where {p k } and {q k } (k is an integer) are sequences called 
the two scale sequence. Moreover, when wavelets are 
orthogonal, they have the relation below with respect to {y k } 
and {rjk} which are called the decomposition sequence. 
[0024] 

[Equation 7] 
[0025] 

The principle of the transmission wave synthesis is shown 
below. x is used for the time base when wavelets are combined 
and decomposed, and it is distinguished from the time base t 
when actual transmission sequences are handled. . This is 
because equations for decomposition and synthesis using 
wavelets are expressed as Equations 3 and 4, and it is easier 
to consider these equations unchanged than to transform t into 
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x. Actually, since wavelet combined waves and decomposition 
waves are obtained in a discrete manner, the obtained discrete 
values are only assigned to the transmission sequences to 
perform the transform of x into t. When the combined waves 
are represented as continuous signals in accordance with 
Equation 1, Equation 3 and Equation 4, the following is 
obtained . 
[0026] 

[Equation 8] 
[0027] 

Then, the signal point of a complex number is assigned 
to {d(j)k) and c (-n) 0 . At this time, in the orthogonal wavelet 
transform as shown in Equation 8, the temporal resolution is 
varied depending on the subband level, which becomes lower in 
lower frequencies. Therefore, the number of the signal points 
to be assigned is varied depending on the level. More 
specifically, Nw/2 of signal points are reduced at the subband 
level j = -1, after that, the number of the signal points is 
reduced in half as one level is lowered; two signal points at 
the level (-n+1), and two signal points at the level-n, one 
signal point each for c (-n) 0 and d (-n) 0 . 
[0028]. 

In addition, the combined wave f 0 (x) can be expressed 
by Equation 3. Eventually, when the sequence of the 
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coefficient c (0) k of the combined wave is transmitted, 
information about {d(j)k} and c (-n) 0 can be obtained. 
[0029] 

[Equation 9] 
[0030] 

It is a reconstruction algorithm obtained from Equation . 
2 to Equation 6, which gives the synthesis process of Equation 
8 in a discrete manner. 
[0031] 

[Equation 10} 
[0032] 

Where I is an integer. 

[0033] 

Fig . 4 shows a manner of synthesis where Nw =16. However, 
only the real part is shown. A transmission sequence { c (0) k } 
is created from data symbols (d(j)k) and c (-4) 0 / but the 
synthesis is in turn performed from lower subband levels by 
Equation 10 . In the drawing, c (-3) k is combined from c (-4) k and 
d(-4) k , c(-2) k is from c (-3) k and d(~3) k , and so on, for 
determining c ( 0 ) k . 
[0034] 

Then, c (0) k is considered to be the transmission sequence 
of the base band. As also apparent from the drawing, since 
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the total number of the signal points to be assigned is equal 
to N w in the total sum of the levels -1 to -4, N w of the data 
signal point sequences can be transmitted by N w symbols of 
transmission sequences. 
[0035] 

The energy of the combined signal f 0 is the following 
equation by Equation 9. 
[0036] 

[Equation 11 ] 
[0037] 

However, for the computation, equations below showing 
the orthogonality of the scaling function are used. 
[0038] 

[Equation 12] 

Where, j, k, and 1 are an integer. 
[0039] 

[Equation 13 ] 
[0040] 

[Equation 14] 
[0041] 

<u | v> is an inner product of a function, which is defined 
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by the following equation. 
[0042] 

[Equation 15] 
[0043] 

Similarly, 

[0044] 

[Equation 16] 
[0045] 

When the above equation is given, the orthogonality is 
as follows. 
[0046] 

[Equation 17] 
[0047] 

[Equation 18] 
[0048] 

( j , k, 1, and m are an integer) and the two scale relation 
is used to derive the following equation from Equation 8. 
[0049] 

[Equation 19] 
[0050] 
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Then, the following equation is obtained from Equation 
11 and Equation 19. 
[0051] 

[Equation 20] 
[0052] 

Accordingly, the relation between the electric power of 
the transmission sequence and the electric power of the- data 
signal point sequence is expressed. 
[0053] 

The received wave decomposition will be described. 
Hereinafter, discrete signals sampled on the receiving side 
base band are considered. 
[0054] 

When the sequence is applied to the discrete wavelet 
decomposition, the transmitted data signal sequence can be 
obtained, where the received signal is C '(0) k . In addition, 
for decomposition, decomposition algorithms below are used. 
[0055] 

[Equation 21] 



[0056] 

[Equation 22] 
[0057] 
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Equation 21 and Equation 22 are used to determine d ' ( k 
at lower levels sequentially from the level 0, and finally, 
c'(-n) 0 is determined. Then, these subband components are 
compared with the original signal point arrangement for 
demodulation . 
[0058] 

. As described above, the discrete wavelet transform is 
used for the transmission wave synthesis from the subband and 
the subband decomposition from the received wave, but in 
practice, the mother wavelet is not used. It is sufficient 
to only perform algebra computation of the two scale sequence 
and the decomposition sequence, and the computation is thus 
relatively easy. 
[0059] 

Next, the layered structure in the invention will be 
described. As similar to typical modulation, the signal point 
arrangement of the signals assigned to c (-n) 0 and d(j)k is 
decided depending on the relation between the energy to be 
assigned to one bit and the transmission efficiency 
(bit/symbol) . In addition, the modulation mode is varied at 
every level, whereby the distance between the signal points 
can be set flexibly. 
[0060] 

When the same signal point arrangement is applied to all 
the subbands by Equation 20, energy per symbol to be assigned 
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is relatively increased at lower subband levels in the 
transmission sequence c (0) k . In other words, even though the 
size of the signal point arrangement is the same, energy per 
symbol in the transmission sequence is doubled when the subband 
level is lowered by a single step. Therefore, gains different 
by 3 dB are obtained for every subband, and layer transmission 
can. be implemented. In addition, the depth of a layer is a 
multiplier of the exponentiation of N w . 
[0061] 

In addition, it is considered that the transmission 
signal is not applied to a certain subband level to be zero. 
At this time, since information is reduced that can be 
transmitted by the same number of transmission symbols, the 
transmission efficiency is degraded. However, since the 
relative energy of the other subband levels in the transmission 
symbols is increased by Equation 20, the BER characteristic 
is improved overall. As described above, data is assigned or 
not assigned to only a certain subband' level, whereby the 
transmission efficiency can be set flexibly, and the layered 
BER characteristic having the trade off relation therewith can 
be set flexibly as well. 
[0061] 
[Example] 

Hereinafter, examples according to the invention the 
will be described in detail. A first the example will be 
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described below. In the description below, such a case was 
assumed that 16 QAM in the same size was applied to all the 
subbands and that the probability of generating a transmission 
data symbol was equal. As shown in Fig. 1, the signal point 
arrangement is considered to be the Gray code 16 QAM. The 
average energy s 2 of the signal generated from the signal plane 
is the following equation, where the minimum Euclidian distance 
of the code is assumed to be a. 
[0062] 

[Equation 23] 
[0063] 

When typical uncoded 16 QAM (hereinafter, denoted as 
uncoded 16 QAM) is transmitted in which the transmission 
efficiency is equivalent, it is the average energy of the 
transmitting signal. The average energy of the transmission 
sequence obtained from the wavelet synthesis is the following 
equation when data desired to transmit to all the subbands is 
assigned . 
[0064] 

[Equation 24] 
[0065] 

By Equation 23 and Equation 24, a square A2 of the 
relative Euclidian distance of the subband level where the 
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average energy of the signals is one, and the gain for uncoded 
1 6 r QAM ~~ar e a s shown in Table 1 where N w = 16. 
[0066] 
[Table 1] 



table 1 : gains at subband levels 





16 QAM 


level-1 


level-2 


Level-3 


level-4 


A 2 


2/5 


4/25 


8/25 


16/25 


32/25 


gain (dB) 


0 


-3 . 98 


-0 . 97 


2 . 04 


5.05 



[0067] 

As described above, even though the signal point 
arrangement in the same size is applied to all the subbands, 
the assignment of energy per symbol in the transmission 
sequence is different. Therefore, the effective 2A is varied 
by a double amount for every subband. 
[0068] 

In addition, for the orthogonal wavelet for use, the Haar 
function that has a small support and simple computation in 
synthesis and decomposition, and the function of Daubechies 
N = 2 were used. At this time, the two scale sequence is 
expressed by the following equation in the case of the Haar 
function. 
[0069] 

[Equation 25) 
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[0070] 

It is expressed by the following equation where 
Daubechies N = 2 . 
[0071] 

[Equation 26] 
[0072] 

In addition, it was considered that the decomposition 
sequence is expressed by the following equation in accordance 
with Equation 7 in the case of the Haar function. 
[0073] 

[Equation 27] 
[0074] 

It is expressed by the following equation where 
Daubechies N = 2. 
[0075] 

[Equation 28] 
[0076] 

p, q, f 1, and j other than these are all zero, and Equation 
10, Equation 21, and Equation 22 are finished at proper places . 
[0077] 

An equivalent low pass system as shown in Fig. 4 was 
considered, and the BER characteristic under an AWGN 
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environment was computed. The Haar function was used for the 
mother wavelet, the frame length N w was 16 in the wavelet 
synthesis and decomposition, and transmission was performed 
in units of the frames. In addition, it was assumed that the 
synchronization on the receiving side was perfect. 
[0078] 

Fig. 5 shows the BER characteristics at the subband 
levels and the overall level. The horizontal axis in the 
drawing was E b /N 0 in uncoded 16 QAM transmission. In addition, 
in the subband level-4, since the energy of c (-4) 0 is equal to 
the energy of d(-4) 0 / it was evaluated collectively. As shown 
in the drawing, BER as varied by 3 dB each, and a gain of about 
5 dB is obtained at the level-4 as compared with the theoretical 
value of uncoded 16 QAM as shown in Table 1. However, the 
transmission symbol number at the subband level-4 is one eighth 
of the total, and a half of the total is the transmission at 
the subband level-1. Therefore, the BER characteristics all 
combined is more degraded by about 4 dB than the theoretical 
value. 
[0079] 

As described above, the total characteristics are 
degraded because the energy of the transmission signal is 
concentrated on the lower subband level. However, in the 
method, the layered BER characteristic is obtained, which is 
therefore suited for transmission, for example, in the case 
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in which the hierarchical significance is given to an 
information source, for example. 
[0080] Second Example 

When the transmission efficiency can be dropped below 
that of uncoded 1 6 QAM, the method can provide flexible settings . 
As an example, the case is considered in which data is assigned 
to only the subband levels -1, and -2 and the other levels to 
all zero. At this time, transmission efficiency is the same 
as that of coded 16 QAM of rate 3/4. Then, by Equation 20, 
relative energy per symbol at levels -1, and -2 is increased 
to improve the characteristic. When the gain is computed as 
similar to Table 1, the same characteristic is obtained as that 
of uncoded 16 QAM at the level-1, and the characteristic more 
improved by 3dB therefrom is obtained at the level-2, as shown 
in Table 2. 
[0081] 
[Table 2] 



Table 2: gains at subband levels 





16 QAM 


level-1 


level-2 


A 2 


2/5 


2/5 


4/5 


gain (dB) 


0 


0 


3 . 01 



[0082] 

Fig. 6 shows the computation result of the BER 
characteristics. In the drawing, the characteristic at the 



level-1 nearly overlays the theoretical value of uncoded 16 
QAM to obtain the characteristic almost as shown in Table 2. 
Of course, the same transmission efficiency, that is, although 
there are more codes with an excellent BER characteristic in 
the same use efficiency of frequencies, the method is 
characterized in that step-by-step BER characteristics are 
obtained by modulation itself with no necessity of complicated 
encoding. and decoding operations. 
[0083] 

As shown in the example, data is assigned or not assigned 
only to a certain subband level to flexibly set the transmission 
efficiency, and a difference of 3 dB occurs in the BER 
characteristic at every level. Therefore, it can be 
considered that the method is one kind of UEP codes. In 
addition, modulation modes are allowed to vary at every subband 
level, whereby the difference in the BER characteristic at 
every level may be adjusted. 
[0084] 

In a third example, a computer simulation system is 
considered in which it is assumed that a pilot symbol is 
inserted into a transmission symbol sequence to take 
synchronization, and at the same time, uniform fading 
compensation is conducted by the pilot symbol. Fig. 7 shows 
the system under a fading environment, and Fig. 8 shows the 
frame configuration of the transmission sequence. 
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[0085] 

The transmission frame is framed different from the frame 
of the wavelet decomposition and synthesis in which the frame 
of the wavelet is interleaved into data symbols shown in Fig. 
10. . 
[0086] 

It was assumed that N w was 16, the symbol transmission 
rate was 16 Ksymbol/sec, and the synchronization was perfect. 
In addition, fading was gentle Rayleigh fading of the maximum 
Doppler frequency f D = 80 Hz (f D T s = 1/200, Ts is a symbol cycle) , 
and symbol interleave in a width of 16 and a depth of 15. and 
a compensation scheme using FFT were applied. For the pilot 
symbol for use in fading compensation, Point A shown in Fig. 
3 was used, the interval between the pilot symbols was 16, the 
number of pilot symbols for use in compensation was 32. 
[0087] 

Fig. 9 shows the computation results. As similar to 
under the AWGN environment, about 3 dB of the BER difference 
occurs at every subband level. However, at the level-4, a 
manner is shown that the characteristics are gradually improved 
with respect to E b = N 0 as compared with the other levels. It 
can be considered that it is the influence in which a single 
symbol at the level-4 is configured to split into 16 symbols 
in a sequence c (0) k when transmission, and an interleave works 
effectively to suppress the influence of fading well. In 
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4 



addition, since in the fading compensation scheme., about 2.2 
dB of degradation occurs including the insertion of the pilot 
symbol, the total BER characteristics are degraded about by 
7 to 8 dB as compared with the theoretical value of uncoded 
16 QAM. 
[0088] 

Then, as similar to Fig. 6, transmission data was 
assigned only to the subband levels-1 and -2, and the BER under 
fading was computed. Fig. 10 shows the results. In this case, 
the BER characteristics are shown that at the level-1, about 
3 dB of degradation occurs from the theoretical value of uncoded 
16 QAM, and at the.level-2, a degradation similar to the 
theoretical value occurs. Since a single symbol at the level-2 
is split into only four symbols of a sequence when transmission, 
it is revealed that the interleave effect is not exerted as 
compared with the level-4 shown in Fig. 9. 
[0089] 

As described above, since the layered BER characteristic 
can be obtained also under the fading environment, it is shown 
that the invention can be adapted to mobile communications, 
etc . 
[0090] 

As described above, the invention has been discussed with 
reference to the embodiments shown in the drawings. The 
invention can be implemented in any manners not limited to the 
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embodiments described above as long as the configuration 
described in claims is not modified. 
[0062] 

[Advantage of the Invention] 

As described above, in short, according to the invention, 
significant advantages can be exerted as below. 

1. A transmission sequence can be created which can obtain the 
layered BER characteristics at two stages or more without 
coding. 

2. UEP can be implemented with no necessity of a special signal 
point arrangement. 

3. The transmission efficiency and the BER characteristic 
having a trade off relation therewith can be set flexibly. 

4 . No energy is lost in the modulation method itself . Therefore, 
transmission methods can be easily extended such as using the ' 
modulation method for further coding. 
[Brief Description of the Drawings] 

[Fig. 1] It is a conceptual diagram depicting the transmission 
principle using discrete wavelets according to the invention. 
[Fig. 2] It is a conceptual diagram depicting the transmission 
wave synthesis according to the invention. 

[Fig.. 3] It is a schematic diagram depicting the signal point 
arrangement in Gray code 16 QAM according to the invention. 
[Fig. 4] It is a block diagram depicting the system 
configuration according to a first example of the invention. 
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[Fig. 5] It is a characteristic diagram depicting the BER 
characteristics under the AWGN environment according to the 
invention . 

[Fig. 6] It is a characteristic diagram depicting the BER 
characteristics when only the subband levels -1 and-2 are 
transmitted according to the invention. 

[Fig. 7] It is a block diagram depicting the system 
configuration according to a third example of the invention. 
[Fig. 8] It is a schematic diagram depicting the transmission 
frame configuration according to a second embodiment of the 
invention. 

[Fig. 9] It is a characteristic diagram depicting the BER 
characteristic under a gentle fading environment according to 
the invention. 

[Fig. 10] It is a characteristic diagram depicting the BER 
characteristics when only the subband levels-1 and -2 are 
transmitted according to the invention. 

[Fig. 11] It is a block diagram depicting the configuration 
of the conventional coders for concatenated codes. 

[Fig. 12] It is a conceptual diagram depicting the situation 
of the conventional non-uniform signal point arrangement. 
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[Claim 1] 

An information transmission method using orthogonal 



wavelet , characterized by comprising: 

using an orthogonal wavelet to assign a signal point only 
to a subband selected from a group of subbands without using 
all of components decomposed into subband s, whereby a combined 
wave f 0 is created from all of the group of subbands, and the 
combined wave f 0 is modulated for transmission in a state in 
which an average bit error rate (hereinafter, denoted as BER) 
is varied depending on a significance of information when 
unequal error protection (hereinafter, denoted as UEP) is 
performed for transmission information. 



28 
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DATA SYMBOL 

TRANSMISSION WAVE SYNTHESIS 

3 

GRAY CODE 16 QAM SIGNAL ARRANGEMENT 

4 

TRANSMISSION DATA 
16 QAM MAPPING 
WAVELET SYNTHESIS 
RECEIVED DATA 
DETERMINATION 
WAVELET DECOMPOSITION 



29 



#3 SYSTEM CONFIGURATION 
FIG. 5 

#1 BIT ERROR RATE 

#2 16 QAM THEORETICAL VALUE 

#3 BER CHARACTERISTICS UNDER AWGN ENVIRONMENT 
#4 LEVEL- 1 

LEVEL- 2 

LEVEL- 3 

LEVEL- 4 

TOTAL 

FIG. 6 

#1 ' BIT ERROR RATE 

#2 BER CHARACTERISTICS WHEN ONLY SUBBAND LEVELS -1 AND -2 

ARE TRANSMITTED 
#3 LEVEL- 1 

LEVEL- 2 

16 QAM THEORETICAL VALUE 
TOTAL 

FIG. 7 

#1 TRANSMISSION DATA 

16 QAM MAPPING 
WAVELET SYNTHESIS 
INTERLEAVE 

PILOT SYMBOL INSERTION 
#2 FADING 
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#3 RECEIVED DATA 
DETERMINATION 
WAVELET DECOMPOSITION 
DE- INTERLEAVE 

FADING ESTIMATION AND COMPENSATION 
#4 SYSTEM CONFIGURATION 
FIG. 8 

#1 ONE FRAME 

PILOT SYMBOL 

DATA SYMBOL 
#2 TRANSMISSION FRAME CONFIGURATION 

FIG. 9 

#1 BIT ERROR RATE 

#2 LEVEL- 1 

LEVEL- 2 

LEVEL- 3 

LEVEL- 4 

16 QAM THEORETICAL VALUE 
TOTAL 

#3 BER CHARACTERISTICS UNDER GENTLE FADING ENVIRONMENT 
FIG. 10 

#1 BIT ERROR RATE 
#2 LEVEL- 1 
LEVEL- 2 

16 QAM THEORETICAL VALUE 
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TOTAL 

#3 BER CHARACTERISTICS WHEN ONLY SUBBAND LEVELS -1 AND -2 
ARE TRANSMITTED 

FIG. 11 

#1 CODER FOR LINEAR CODE C OF q ELEMENTS (n, k) 

#2 INTERNAL CODE 

#3 CODER FOR LINEAR CODE CI OF q kl ELEMENTS . (n, kl) 

#4 CODER FOR LINEAR CODE C2 OF q k2 ELEMENTS (n, k2) 

#5 CODER FOR LINEAR CODE CL OF q kL ELEMENTS (n, kL) 

#6 EXTERNAL CODE 

#7 CODERS FOR CONCATENATED CODE 

FIG. 12 

#1 NON-UNIFORM SIGNAL POINT ARRANGEMENT 
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